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DESCRIPTION 
SAMPLE DISC RIMINATING ME THOD 

Technical Field 

\The present invention relates to a method of 
discriminating a sample for a sensor system which measures 
the concentration of a target substance (substance of 
interest) contained in the sample, in particular for a 
biosensor system which quantitates the concentration of 
glucose, cholesterol or the like contained in a body fluid 
such as blood by measuring electric current. More 
particularly, it relates to a sample discriminating method 
of automatically discriminating whether the sample 
introduced to a sensor system is a body fluid or a standard 
fluid, the sensor system being designed to periodically 
examine whether the accuracy of the sensor system is 
maintained or not, using the standard fluid, whose 
concentration has been known, instead of the body fluid. 

Background Art 

There has been well known a sensor system which 
quantitates the concentration of a target substance 
contained in a sample by measuring electric current. In 
recent years, the sensor system described above has been 
widely applied to, for example, a biosensor system such as a 
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small and easy type of blood sugar measuring system for 
quantitating the value of blood sugar contained in blood, or 
the like. Recently, ' the blood sugar measuring system, which 
is used for a blood sugar diagnosis or daily management of a 
diabetes patient, is commercially prevailed while being 
provided with many various functions. Recently, for example, 
the blood sugar measuring system is particularly of great 
importance in the field of a data management such as a 
management or processing of measured data. 

In general, measurement accuracy of the biosensor 
system including a sensor and a measuring device is 
periodically managed using, for example, an exclusive 
standard fluid (referred to "control fluid" hereinafter), in 
order to maintain or manage the measuring accuracy. As the 
15 control fluid, there may been used a solution in which a 
known amount of glucose is dissolved in pure water, the 
solution being colored with a pigment in accordance with its 
use, or being provided with a hydrophilic polymer so as to 
adjust its viscosity. 
20 In the conventional biosensor system in which its 

measurement accuracy is managed using the control fluid, it 
is required that the measured data of the control fluid is 
not confusedly processed as the measured data of the body 
fluid or the like used as an ordinary sample. Accordingly, 
25 before the control fluid is introduced into the biosensor 



system, the measuring mode is changed to that for the 
control fluid by a predetermined manual operation of the 
measuring device so as to distinguish its measuring data 
from the measuring data of the body fluid or the like. 

However, in the conventional biosensor system described 
above, when the. control fluid is introduced/ it is required 
to change the measuring mode by the manual operation for 
changing the mode, for example, button operation or the like. 
In consequence, there is such a problem that the measured 
data for the control fluid may be managed while erroneously 
being recognized as the measured data for the body fluid or 
the like by erroneously performing or forgetting the 
operation. Meanwhile, there may be also such a problem that 
the operation for manually changing the mode is troublesome. 
In particular, for a diabetes patient or the like having 
trouble in the eyes or fingertips, it may be difficult to 
change the mode by the manual operation. Therefore, there 
is requested a biosensor system, which can automatically 
discriminate whether a sample introduced into the biosensor 
system is a body fluid or a control fluid. 

Disclosure of Invention 

The present invention, which has been developed to 
solve the conventional problems described above, has an 
©£^eet to provide a means which can automatically 



discriminate the kind of a sample for a sensor system that 
quantitates the concentration of a target substance 
contained in the sample by measuring electric current, for 
example, a biosensor system such as a blood sugar measuring 
system. 

A sample discriminating method according to the present 
invention which has been developed to achieve the above- 
mentioned object, is a method of discriminating a sample for 
a sensor system which quantitates the concentration of a 
target substance (substance of interest) contained in the 
sample by measuring electric current, the method comprising 
the steps of, (i) using a ratio of a measured current value 
to a time-differential or time-difference value of the 
current value as a discriminating parameter, (ii) defining a 
discrimination function for discriminating kinds of a 
plurality of objective samples, the discrimination function 
using the discriminating parameter as an independent 
variable, (iii) using a numeric value obtained by 
substituting the value of the discriminating parameter into 
the discrimination function as a discriminating index, and 
(iv) automatically discriminating the kind of any sample 
based on the discriminating index. 

As the discriminating function, for example, there may 
be given a discriminant function, a Mahalanobis distance or 
the like. 



According to the sample discriminating method of the 
present invention, because the kind of the sample can be 
automatically discriminated, the kind of the sample may. not 
be erroneously recognized due to erroneously performing or 
forgetting the operation.. Further, because it is not 
necessary to change the mode by a manual operation, even a 
person having trouble in the eyes or. fingertips can easily 
use the sensor system. 

The discrimination function may be defined by means of 
an equation using only one discriminating parameter or 
independent variable. However, in order to raise the 
accuracy of the discrimination, it is more preferable that 
the discrimination function is defined by means of an 
expression using a plurality of, for example two, 
discriminating parameters or independent variables - 

The discrimination function may be defined by means of 
a linear expression for the discriminating parameter - 
Meanwhile, the discrimination function may be defined by 
means of a expression of high degree, for example an 
expression . of nth degree (n-2,3,4, ), for the 

discriminating parameter. 

The sample discriminating method according to the 
@£§sent invention is particularly effective for such a case 
that the. kinds of the samples to be discriminated are a 
body fluid such as blood and a control fluid. In this case, 



it is preferable that the sensor system is automatically 
judged whether it is right or not, namely the system is 
checked, based on a quantitated value of the concentration 
of the target substance in the control fluid, and then a 
resultant judgement is indicated. 

Meanwhile, in the sample discriminating method 
according to the present invention, it is preferable that 
when the value of the discriminating index is within such a 
predetermined range that it is difficult to discriminate the 
kind of the sample, namely -it exists within a region near a 
boundary, the kind of the sample is not automatically 
discriminated while it is . indicated that ' the discrimination 
has not been performed. If so, the accuracy or preciseness 
of the automatic discrimination of the kind of the sample 
may be highly improved . 

Although it may be a rare case that the kind of the 
sample is not automatically discriminated so that it is 
indicated that the discrimination has not been performed, 
the kind of the sample may be designated by a manual 
operation in the above-mentioned case. 

Brief Description of Drawings 

Fig. 1A is an exploded perspective view of a sensor in 
a glucose sensor system using a sample discriminating 
method according to the present invention. 



Fig. IB is a perspective view of a biosensor system 
including the sensor shown in Fig. 1A and a measuring 
device. 

Fig. 2A is a graph showing the relation between the 
applied voltage or its applying pattern and the time, when 
the value of the electric current is measured in the 
glucose sensor . system .according to the present invention. 

Fig. 2B is a graph showing a characteristic of the 
change of the electric current with lapse of time after the 

ASS. 

p 10 application of the voltage has been started again, in the 
%*j case that the voltage is applied as shown in Fig. 2A. 

Fig. 3 is a view obtained by plotting each of the 
sample data according to an embodiment of the present 
invention, based on the discriminating parameter. 
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Best Mode for Carrying Out the Invention 

Hereinafter, an embodiment of the present invention 
will be concretely described in detail with reference to 
the accompanied drawings. 

Figs. 1A and IB show a glucose sensor system for 
quantitating the concentration of glucose contained in a 
blood sample, namely the blood sugar value, as an example 
@f biosensor systems, the system being substantially 
composed of a sensor 11 and a measuring device 12. 
25 As shown in Fig. 1A, in the sensor 11 of the glucose 
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sensor system, on an insulating support 6 made of PET 
(polyethylene terephthalate) , there, are formed a first 
silver lead 4, a. second silver lead 5, and an electrode 
section including a working electrode 1 and a counter 
electrode 2, each of which is made of carbon by means of 
screen printing. Thus, the first silver lead 4 is 
electrically connected to the working electrode 1 while the 
second silver lead 5 is electrically connected to the 
counter electrode 2. 

Hereupon, the electric conductor composed of the first 
silver lead 4 and the working electrode 1 is not 
electrically connected, in a direct state, to the electric 
conductor composed of the second silver lead 5 and the 
counter electrode 2. However, they are electrically 
connected to each other through a reactive layer 10 
described below. 

Moreover, an insulating layer 3 is . formed at an upper 
side of the electrode section, namely the working electrode 
1 and the counter electrode 2. Hereupon, the insulating 
layer 3 also covers a part . of the first silver lead 4 . 
Meanwhile, within a region in which the working electrode 1 
is formed if seen in the plane view, a cutoff section 3a is 
©¥©Vided in the insulating layer 3. Therefore, a portion 
of the working electrode 1, which corresponds to the cutout 
section 3a, is exposed outward. The insulating layer 3 



with the cutout section 3a is provided in order to make the 
exposed area of the working electrode 1 and the counter 
electrode 2 become constant. . * 

The reactive layer 10 is disposed on the insulating 
5 layer 3 and the electrode section formed as described above. 
The reactive layer 10 includes a layer of CMC 
C3 (carboxylmethyl cellulose) which is one of hydrophilic 

RS polymers, GOD (glucose oxidase) which acts as an enzyme, 

O and potassium ferricyanide which acts as a mediator, 

g io Further, on those, there is disposed an insert 9 composed 
/ of a cover 7 and a spacer 8. Then, when a sample fluid is 

made contact to the insert 9, the sample of a constant 
amount, for example about 3 n L is introduced into the 
reactive layer 10 and the electrode section by means of a 
15 capillary phenomenon. 

Thus, as shown in Fig. IB, after the sensor 11 has 
been mounted on the measuring device. 12, an electric source 
of the measuring device is turned on so that the device 
becomes such a state that it can receive a sample, namely a 
20 blood sample or a control fluid. When the sample is 
applied to the sensor 11, the voltage applied to the sensor 
11 is shut once, and then the reaction is incubated for a 
predetermined time. After that, the voltage is applied 
again. Hereupon, the voltage is applied between the first 
25 silver lead 4 and the second silver lead 5, further between 



V'l 

rii 
o 



• # 



10 



working electrode 1 and the counter electrode 2. 

In consequence, electric current, which corresponds to 
the concentration of glucose contained in the sample, flows 
between the working electrode 1 and the counter electrode 2 
through the reactive layer i0, while the electric current 
value is measured* Then, the concentration of glucose 
contained in the sample is quantitated on the basis of the 

electric current value. 

ffi ■ 

\Q In the glucose sensor system, the concentration of 

glucose contained in each of various kinds of blood samples 
is measured or quantitated. On the other hand, in order to 
maintain the measuring accuracy, the measuring accuracy is 
periodically managed using a control fluid, for example a 
glucose standard solution. That is, a control fluid whose 
15 glucose concentration has been known is used as a sample, 
while the glucose concentration is measured or quantitated. 
So, on the basis of an error or the like of the quantitated 
value, the preciseness of the resultant value measured by 
the glucose sensor system is examined. Hereupon, as the 
20 control fluid, there may been used a solution in which known 
amount of glucose is dissolved in pure water, the solution 
being colored with a pigment in accordance with its use, or 
te@4hg provided with a hydrophilic polymer so as to adjust 
its viscosity. 

25 Then, in the glucose sensor system, a blood sample or 
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a control fluid is received in the sensor 11 as a sample. 
In the glucose sensor system, the. measuring device 12 
automatically discriminates or. judges whether the sample 
actually received in the sensor 11 is a blood sample or a 
control fluid. Accordingly, the kind of the sample may not 
erroneously recognized due to erroneously performing or 
forgetting the operation. Further, because it is not 
necessary to manually change the operation mode, even a 
person having trouble in the eyes or fingertips can easily 



10 use the glucose sensor system. 



Hereinafter, the sample discriminating method for the 
measuring device 12 will be concretely described. The 



ftS outline of the sample discriminating method in the 

"kin? 

measuring device 12 is as follows. 
15 (1) There is prepared a ratio of electric current 

value to a time-differential or time-difference value of the 
electric current value as a sample discriminating parameter, 
the electric current value having been measured for a blood 
sample or a control fluid. 
2 0 (2) There is defined a discrimination function for 

discriminating whether the sample to be measured is a blood 
sample or a control fluid, the discrimination function using 
discriminating parameter as an independent variable. 

(3) There is provided a numeric value obtained by 
25 substituting the value of the discriminating parameter into 



the discrimination function as a discriminating index. 

(4) It is automatically discriminated whether the 
sample is a blood sample or a control fluid on the basis of 
the discriminating index. 

In the present . embodiment, a general expression 
indicated by Expression 1 described below is used as the 
discrimination function. 

Z=a 1 Xa+a 2 XjS+a 0 *" • Expression 1 

Z: discriminating index 

a: first discriminating parameter 

(independent variable) 
/? : second discriminating parameter 

(independent variable) 
a x , a 2 , a 0 : constant 
Thus, it is judged whether the sample is a blood 
sample or a control fluid, for example, based on the 
conditions described below, using the discriminating index 
Z calculated in accordance with the discrimination function 
indicated by Expression 1. Hereupon, L and H described 
below mean the lower limit and upper limit of the area or 
range in which the above-mentioned judgement is 
particularly difficult, respectively. 

(1) In the case of Z<L, it is judged that the sample 
is a control fluid. 

(2) In the case of L ^ Z ^ H, the judgement is not 



performed while it is decided that the sample is un- 
decidable. 

(3). In the case of Z>H, "it is judged that the sample 
is a blood sample. 

The discriminating parameter, which is the independent 
variable in the discrimination function indicated by 
Expression 1, namely the ratio of the measured electric 
current value I to its time-differential A I (referred to 
"1/ A I" hereinafter) , is defined as follows. Hereupon, "I" 
means the electric current value at the time point that t 
seconds have passed from the time point when the 
application of voltage has been started again (starting 
point of the second voltage application) . However, in the 
case that it is particularly necessary to clearly indicate 
"t seconds have passed", it will be described as I t . 

tf A I" means the absolute value of the difference I I t - 
I t+At I between I t and the electric current value (I t+A t) at 
the time point that relatively short time A t seconds have 
passed from the time point t at which T t has been measured, 
namely at the time point that (t+At) seconds have passed 
from the starting point of the second voltage application. 
Alternatively, " A I" may mean the absolute value of the 
difference | I t -I t . 4t I between I t and the electric current 
value d t - at) at the time point that At seconds precede to 
the time point t at which I t has been measured, namely at 



the time point that (t- A t) seconds have passed from the 
starting point of the second voltage application. Each A I 
can be similarly used as a parameter which indicates the 
degree or magnitude of the inclination of the wave shape of 
the electric current near the time point that t seconds 
have passed from the starting point of the second voltage 
application. 

In the example described above, the ratio between I 
and A I is a value of 1/ A I (ItAI) which is obtained when 
I is divided by A I. However, as the ratio between I and 
A I, there may be used a value of A I/I ( A I-rl) which is 
obtained when A I is divided by I. In either case, the 
ratio can be similarly used as the discriminating parameter, 
even though the discrimination functions of those, which 
have been previously defined, are different from each other. 
Hereupon, the numerical value of the discriminating 
parameter itself reflects the property of the kind of the 
sample fluid. Therefore, the sample can be discriminated 
by merely comparing the numerical value simply to a 
standard value without using the discrimination function. 
However, in this case, there may remain such a problem that 
the accuracy of the discrimination of the sample is lowered 
a little. 

1/ A I at the time point that t seconds have passed 
from the starting point of the second voltage application 
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(referred to "1/ Al(t)" hereinafter), can. be similarly used 
as the discriminating parameter, regardless of the value of 
t, namely at every time point after the measurement - of 
electric current value has been started. However, it is 
preferable to use 1/ A I(t) at a current decay point in 
which the property of the kind of the sample fluid is well 
reflected relatively. The time point or frequency for 
calculating t and At may be changed in accordance with the 
composition of the control fluid to be discriminated . 



J*J io Fig- 2A is a graph showing the relation between the 



applied voltage and the time when the value of the electric 
current flowing actually through the sample in the reactive 
layer 10 is measured, that is, showing a concrete process 
for applying the voltage between the both silver leads 4,5 

15 namely between the both electrodes 1,2. That is, as shown 
in Fig. 2A, the voltage of 500 mV is applied before the 
sample is supplied. Thus, after the sample has been 
supplied at the time point of t=0, the system is set to an 
open circuit state for 25 seconds so that the voltage 

20 application is shut. Then, the voltage of SOpmV is applied 
again for 5 seconds . 

Fig. 2B is a graph showing an example of the resultant 
data of the electric current (wave shape of the current) 
measured after the voltage has been applied again, in the 

2& case that the voltage is applied in the pattern shown in 
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Fig. 2A. In Fig. 2B, the numerical value 1.6, 1.9/ 2.1 and 
2.3 indicate concrete examples of time points at which 
current values I used for calculating the discriminating 
parameter are measured, the time points indicating the 
5 elapsed times after the voltage has been applied again. 

Next, there will be described a sample discriminating 
process in the glucose sensor system according to the 
^ present invention, namely a concrete example of a process 

v*i for discriminating a blood sample and a control fluid. 

Us . 

P 10 In the concrete example, there were prepared a total 

S| of fifteen kinds of blood samples, whose glucose 

I** concentrations were to be measured, by setting glucose 

£3 

f\l concentration to five different values while setting 

• ft 

£1 hematocrit values to three different values and then 

w 

r 15 combining one of the glucose concentration to one of the 
hematocrit values. That is, the glucose concentrations 
were set to five kinds of lOOmg/dL, 200mg/dL, 300mg/dL, 
400mg/dL and 500mg/dL. The hematocrit values were set to 
three kinds of 25%, 45% and 65%. 

20 Meanwhile, as control fluids, there were prepared 

aqueous solutions in which PVP (polyvinyl pyrrolidone) , 
which was a hydrophilic polymer, and glucose were dissolved 
in water. The glucose concentration of the aqueous 
Solutions were set to two kinds of 8 5mg/dL and 2 60mg/dL. 

25 The viscosity of each of the control fluids was relatively 



higher. 

As to each of the seventeen kinds of samples, current 
values were measured while applying a voltage between the 
both silver leads 4,5, further between the both electrodes 
1,2 in the pattern or process shown in Fig. 2A. The 
current values were measured at every 0*1 seconds. Thus, 
four current values at four time points shown in Fig. 2B 
were selected from the current values which had been 
selected at every 0.1 seconds, as the current values 
required for defining the discrimination function. That is, 
these are the current value at 1 - 6 seconds past the 
starting point of the second voltage application {I lt6 ) , the 
current value at 1.9 seconds past the same {I^g), the 
current value at 2.1 seconds past the same (I 2 .i) s-nd the 
current value at 2.3 seconds past the same d 2 .3)- These 
four time points or current values were obtained by means 
of the following procedure. 

As described below, the values of 1/ A I were 
calculated at every 0.1 seconds using the resultant data of 
the current values measured as to all of the seventeen 
samples described above. Hereupon, the differential of the 
current value A I was I I t -I t+ * t I . The time difference At 
w&a set to 0,5 seconds in order to ensure the repeatability 
of I/Al. Thus, each 1/ A I was classified into two groups, 
namely the group A as to the measurement for the blood 
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samples and the group B as to the measurement for the 
control fluids. Further, the average value for each of the 
groups (Aavg,Bavg) was calculated. Then, the point, in 
which the two average values were most apart from each 
other, was selected. 

Sample A 1 = I/A I 0>1/ I/A I 0 . 2 , I/A I 03 , •••,•*■, **, 

*" / 1/ A I 4 . 9 , I/A I 50 
Sample A 2 = I / A I o.i, I / A I 0 2 , I / A I 0 3 , 

■ -,I/A I 4 . 9 , I/A I s.o 
Sample A x = I / A I 01 , I / A I 0 2/ I / A I 0 3 ' ' 

••*,*•• I/A I 4 9 , I/A I 5 . 0 
Sample B x = I / A I 01 , I / A I 0 2 , I / A I 0 3 , 

l/ A I 4 .9, I/A I s o 
Sample B 2 = I / A I 0il , I / A I 0 . 2 / I / A I 0 .3/ * "/ * *"'/ 

I/A I 4 . 9 , I / A I s.o 
Sample B y = I / A I 01 , I / A I 0 2 / I / A I 0 3 , , 

i/A I 4 . 9 , I/A I 50 
Sample Aavg= I / A I 0 x/ l/AI Q2/ I/AI 03 , 

••■,!/ A I 4 . 9 , I/A I 5 0 
Sample Bavg= I / A I 0il , I / A I 0 . 2 , I / A I 0 . 3 , ■•■/•••/-•', 

• -,I/A I 4 . 9 , I/A I 50 
In consequence, the point I li6 was selected, in which 
two groups, namely the group A as to the measurement for 
the blood samples and the group B as to the measurement for 
the control fluids, were most apart from each other. 



o 

Ati 

CO 

U 



m 



15 



20 



19 



Hereupon, the current value at 1.6 seconds past the 

starting point of the second voltage application (I x . 6 ) and 

the current value at 2.1 seconds past the same (Ij.J are' 

required as the current values for defining the 

discrimination function I/Al x . 6 . 

Moreover, in the case that differential of the current 
value il was I I t -I t . A t I / also, data processing as same as 
that of the above-mentioned case was performed. In this 
case, the time difference At was set to 0.4 seconds or 
more in order to ensure the repeatability of 1/ A I. In 
consequence, the point I 2 . 3 was selected, in which two 
groups, namely the group A as to the measurement for the 
blood samples and the group B as to the measurement for the 
control fluids, were most apart from each other. Hereupon, 
the current value at 2.3 seconds past the starting point of 
the second voltage application (I 2 . 3 ) and the current value 
at 1.9 seconds past the same (I ll9 ) are required as the 
current values for defining the discrimination function 1/ 
A I 2 . 3 . By combining the results with the above-mentioned 
results, it became clear that the inclination of the 
current at nearly 2.0 seconds past the starting point of 
the second voltage application was most effective to 
discriminate the samples. 

Even in the case that only one discriminating 
25 parameter in the above-mentioned two kinds of 
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discriminating parameters is used, the samples can be 
discriminated by defining a discrimination function having 
one independent variable. However, it may remain such a 
problem that the accuracy of the discrimination is lowered 
a little. The reason, why A I is calculated in the two way 
as described above, is nearly as follows. 

That is, in the sense of calculating the inclination 
of the current at nearly 2.0 seconds past the starting 
point of the second voltage application, the same effect 
C?10 may be obtained in either discriminating parameter. 
N However, due to the property of the wave shape, there is 

such a tendency that the repeatability for the blood sample 
becomes better in the former while the repeatability for 
the control fluid becomes better in the latter. In 
15 consequence, the discriminating effect becomes best when 
two discriminating parameters are used. 

Thus, the discriminating parameter used in the 
following calculation was calculated using the measured 
current values by means of the following Expression 2 and 
20 Expression 3. 

I/AI M = I i..- I 2.1 I Expression 2 

I/U, 3 = I 2 ,/ I I 2.3- I i-9 I Expression 3 

Based on the whole measured results as to the 
seventeen kinds of samples described above, I/Al l-S and 1/ A 
25 I 2 3 were calculated so that the discrimination function for 
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discriminate the samples was defined. The defined 

discrimination function is indicated by the following 
Expression 4 . ■ 

Z = 8.3014X |'I/AI li6 |+1 0.4 3 8 1 

X | I/A I 2 .3 |—124.6603 Expression 4 

Hereinafter, a process for leading the discrimination 
function will be described with reference to Fig. 3. 

Fig. 3 is a graph obtained by plotting a group of 
discriminating parameters which are calculated from the 
measured results as to the two groups A and B, wherein the 
position of the. horizontal axis denotes | 1/ A I li6 | while 
the position of the vertical axis denotes | 1/ A I 2 3 \ . In 
this case, a first-order function, which can best separate 
the two groups of the discriminating parameters, is 
indicated by the following linear equation. 

Z = a 1 Xx 1 +a 2 Xx 2 -Ha 0 

Hereupon, a straight line 13, which indicates the 
boundary between the two groups of the discriminating 
parameters, is a graph in the case of Z=0, namely the 
following expression. 

0 = a 1 Xx 1 +a 2 Xx 2+ a o 

Therefore, dividing the groups of discriminating 
parameters into two groups by the straight line 13 means 
dividing the groups of discriminating parameters into two 
9£9y$g in accordance with whethfer the value of Z according 



to the above-mentioned first-order function is plus or 
minus. In the case that the groups of discriminating 
parameters are divided into two groups by a curved line 
instead of the straight line, there may be used a high- 
order function for the discriminating parameters or 
independent variables, for example nth-order function 
( n =2,3,4 ), as the discrimination function. Meanwhile, 
in the case that the number of the discriminating 
parameters is three, the discrimination function is 
indicated by the following expression. 
Z = a 1 Xx 1 +a 2 Xx 2 +a 3 Xx 3 -!-a 0 

In this case, the boundary is indicated by the graph 
of Z=0, namely the following expression. 
0 = a 1 Xx x +a 2 Xx 2 +a 3 Xx 3 +a 0 

This expression indicates a plane surface in a three 
dimensional space. In general, if the number of the 
discriminating parameters is P, the boundary, which is a 
(p-1) dimensional surface in a P dimensional space, is 
indicated by the following expression. 



0 = a l Xx 1 +a 2 Xx 2 +a 3 Xx 3 + ' 



a p X x p + a 
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The samples were discriminated on the basis of the 
discriminating index value Z, which was calculated by 
Substituting the value of the discriminating parameter 
obtained by the measurement into the discrimination 
function indicated by Expression 4 described above. In 



this case, based on the discriminating index value Z, the 
samples were discriminated in accordance with the following 
rule* 

(1) In the case of Z<-8, it is judged that the sample 
is a control fluid. 

(2) In the case of -8^_Z^8,. the judgement is not 
performed while it is decided that the sample is un- 
decidable * 

(3) In the case of Z>8, it is judged that the sample 
is blood. 

In the case of using the discrimination function 
indicated by Expression 4, which is defined in the concrete 
example, the rate of the erroneous judgement is 0.011%- 
Hereupon, the rate of the erroneous means a probability of 
the erroneous judgement when the kinds of the samples are 
discriminated in accordance with the sign while assuming 
that the discriminating index values Z of the two groups to 
be discriminated are distributed with the normal 
distribution. That is, in this concrete example, it is the 
average value of the probability of becoming Z<0 when the 
control fluids are measured and the probability of becoming 
Z^O when the blood samples are measured. 

Table 1 described below shows results when the 
judgement is performed only on the basis of the sign of the 
Siselriminafeing index value without setting the un-decidable 



area, namely results in the case that it is judged to be a 
control fluid if Z^O while it is judged to be a blood 
sample if Z<0. 



Table 1 Case without un-decidable area 



Sample 


1 Results based on index value Z 


Control fluids 


Blood samples 


Control fluids 


8 3 2 


2 


Blood samples 


1 


3 3 4 8 



On the other hand, when the un-decidable area is 
provided, no erroneous judgements occur at all. Table 2 
described below shows results when the samples are not 
discriminated in the case of -8^Z^8 as described above. 
In this case, the probability of being judged to be not- 
decidable is 1.3% as to the control fluids, while it is 
0.1% as to the blood samples. Hereupon, if it is judged to 
be un-decidable, into the system, the user must input such 
information that which sample the user has measured by the 
manual operation. 



Table 2 Case with un-decidable area 



Sample 


Results 


based on index value Z 


Control fluids 


Un-decidable 


Blood samples 


Control fluids 


| 8 2 3 


1 1 


0 


Blood samples 


1 0 


5 


3 4 4 



1€ *inds of samples are different from the above- 



25 



5 5 



mentioned ones, the current wave shapes are also different. 
Therefore, it is necessary to change the time points or 
numbers of calculating the discriminating parameters (1/ A 
I) of the samples in accordance with the kinds of the 
> samples. 

As described above, in the biosensor system 
constructed according to the present invention, kinds of 
samples to be measured can be automatically recognized by 
the sensor system without charging any expenses to users, 
10 and then the results may be informed to the users. Further, 
Nl in the biosensor system constructed as the above, when 

control fluids are measured, the users can recognize the 

f ¥ i ■ ■ 

ill states of the sensor system without troublesome works. 

Vs! 

D ' 

15 Industrial Applicability 

As described above, the sample discriminating method 
according to the present invention is useful as a 
discriminating method in a sensor system for measuring the 
concentration of a target substance contained in a sample, 

20 and particularly is suitable for using in a biosensor for 
quantitating the concentration of glucose, cholesterol or 
the like contained in a body fluid such as blood by 
measuring the electric current. 



